Although some acknowledge that factors intrinsic to the individual glacier systems (e.g., hypsometry, response time) can explain different moraine ages (Licciardi and Pierce, 2008; Ward et al., 2009) , most conclusions focus on climatic factors.
To test whether nonclimatic factors can infl uence Pinedale terminal moraine ages, we obtained cosmogenic 10 Be exposure ages from glacial landforms in Clear Creek, Pine Creek, and Lake Creek valleys in the upper Arkansas River basin, Colorado ( ages and a compilation that includes other moraine chronologies throughout the western U.S., we suggest that differences in exposure ages of Pinedale terminal moraines are not solely related to regional climatic controls, but rather may also be due to internal factors such as glacier hypsometry. Furthermore, our compilation of Pinedale recessional moraine ages indicates that deglaciation began ca. 16 ka, and that the most signifi cant change of western U.S. glaciers since the Last Glacial Maximum is their near-synchronous demise between ca. 15 and ca. 13 ka.
UPPER ARKANSAS RIVER VALLEY
The Clear Creek, Pine Creek, and Lake Creek valleys are all east facing, and at their Pinedale maximum extent glaciers emanating from Clear Creek and Pine Creek valleys dammed the Arkansas River (Scott, 1984; Nelson and Shroba, 1998; Lee, 2010) . Clear Creek and Pine Creek valleys each host a pair of sharp, singlecrested lateral moraines that are >150 m high. These moraines are easily distinguishable from more extensive Bull Lake (MIS 6) moraines that are characterized by a more subdued surface topography and higher degrees of weathering on boulder surfaces (Nelson and Shroba, 1998) . Unlike Clear Creek and Pine Creek valleys, where single Pinedale moraines are preserved, the Lake Creek valley contains numerous Pinedale end moraines (Fig. 2; Nelson and Shroba, 1984) . Glacier retreat from the terminal moraines in the Clear Creek and Pine Creek valleys likely led to a series of outburst fl oods that deposited two boulder-rich terraces downstream of Pine Creek, ~15 and 6 m above the modern-day Arkansas River (Scott, 1984; Lee, 2010; Fig. DR2 ). The geomorphic relationship between Pinedale terminal moraines and fl ood terraces indicates that moraine abandonment and terrace deposition were synchronous. Our data set includes 19 new 10 Be ages from (1) moraine boulders (n = 5), (2) boulders from the two aforementioned fl ood terraces related to the dated moraines (n = 8), and (3) glacially sculpted bedrock upvalley from Pinedale end moraines (n = 6); we combine these new 10 Be ages with 12 previously published moraine clast 10 Be ages from the same area (Briner, 2009; Fig. DR1) .
The 10 Be ages of boulders from the outer Clear Creek lateral moraine range from 21.7 ± 0.6 to 15.2 ± 0.4 ka (n = 5; Tables DR1 and DR2); three of these ages are between 19.5 and 19.1 ka (mean = 19.3 ± 0.2 ka). A sample collected from glacially sculpted bedrock ~9 km upvalley from the terminal moraine is 14.1 ± 0.3 ka. Samples (n = 12) previously collected from the outermost, single-crested right-lateral moraine in the Pine Creek valley range from 24.5 ± 0.7 ka to 13.5 ± 0.4 ka (Briner, 2009 ). However, these 10 Be ages are distributed in two distinct modes that average 22.4 ± 1.4 ka (n = 5) and 15.8 ± 0.4 ka (n = 6; Table DR1 ), after excluding one younger outlier (13.5 ± 0.4). We suspect that this younger outlier is likely the result of boulder exhumation. Ages of two adjacent samples from glacially sculpted bedrock located ~4 km upvalley from the Pine Creek terminal moraine are 15.6 ± 0.4 ka and 15.3 ± 0.3 ka. The only age control for Pinedale moraines in the Lake Creek valley comes from a single 10 Be age of 19.7 ± 0.5 ka on a terminal moraine boulder (Schildgen, 2000) . We obtained 10 Be ages of 14.7 ± 0.4 ka, 13.9 ± 0.4 ka, and 13.2 ± 0.4 ka from glacially sculpted bedrock at ~10, ~16, and ~25 km upvalley, respectively, of the terminal moraine in Lake Creek valley. Of 10 Be ages from boulders on the higher of the two fl ood terraces, four range between 20.9 ± 1.0 ka and 19.1 ± 0.6 ka; three of these samples cluster at 19.2 ± 0.1 ka. Moreover, four 10 Be ages from boulders on the lower terrace range from 18.4 ± 0.4 ka to 17.2 ± 0.8 ka (mean age of 17.8 ± 0.6 ka; Fig. 2) .
The 10 Be age distribution of the Clear Creek moraine is complex and warrants further discussion. While the oldest 10 Be age (21.7 ± 0.6 ka) overlaps the ca. 19.3 ka cluster at 2σ, we suggest that the ca. 19.3 ka mode is most representative of the timing of moraine abandonment because (1) three of four 10 Be ages on the upper fl ood terrace are between 19.3 and 19.1 ka (mean = 19.2 ± 0.1 ka; Fig. 2 ), and (2) the mouth of Clear Creek valley was likely the main damming point of the Arkansas River (Lee, 2010) . These data confi rm that moraine abandonment in Clear Creek and deposition of the upper fl ood terrace were contemporaneous. In addition, two 10 Be ages excluded from the Clear Creek age assignment (21.7 ± 0.6 ka and 15.2 ± 0.4 ka) overlap the older and younger modes found in the Pine Creek 10 Be age distribution (Fig. 2) . It is possible that these ages represent additional Pinedale advances in Clear Creek valley that culminated synchronously with advances in Pine Creek valley; however, the insuffi cient number of samples from the Clear Creek moraine prevents us from reaching this conclusion with confi dence. The 10 Be ages on the lower fl ood terrace (n = 4) have a mean age of 17.8 ± 0.6 ka.
Not all modes of Pinedale maxima are expressed in each valley. The oldest Pinedale ice limit is apparently preserved in the Pine Creek valley (22.4 ± 1.4 ka) and 10 Be ages from Clear Creek valley suggest that ice initially retreated from its Pinedale maximum extent at 19.3 ± 0.2 ka. This age correlates with the age of the upper fl ood terrace (19.2 ± 0.1 ka), implying that the Clear Creek glacier acted as the main ice dam.
10
Be ages also indicate that following the Pinedale maximum extent, culminating ca. 22.4 ka in the Pine Creek valley, ice reoccupied the same moraine until 15.8 ± 0.4 ka (Briner, 2009) . This is supported by ages of 15.6 ± 0.4 ka and 15.3 ± 0.3 ka from glacially sculpted bedrock upvalley of the moraine, ages that constrain timing of deglaciation in the lower Pine Creek valley. In the Lake Creek valley, the Pindale terminal moraine is dated as 19.7 ± 0.5 ka based on a single 10 Be age (Schildgen, 2000) ; our bedrock age closest to the Pinedale moraines suggests that the Lake Creek glacier was at least ~65% of its Pinedale maximum length until 14.7 ± 0.4 ka ( Fig. 2 ; Table DR3 ). It is interesting that the age of the lower terrace (17.8 ± 0.6 ka) is not expressed in the moraine records. Nonetheless, deposition of the lower fl ood terrace requires that glaciers were at or near their Pinedale maxima in order to dam the Arkansas River (Figs. 1 and 2 ). Based on the close correlation between Clear Creek moraine abandonment and upper fl ood terrace ages, we hypothesize that the Clear Creek valley glacier on January 24, 2011 geology.gsapubs.org Downloaded from was near its Pinedale maximum ca. 17.8 ka. Following a near Pinedale maximum ca. 17.8 ka, the Clear Creek glacier was at least ~65% of its Pinedale maximum length until 14.1 ± 0.3 ka, based on our bedrock sample located ~9 km upvalley ( Fig. 2 ; Table DR3 ). Combined, all 10 Be ages from the upper Arkansas River valley indicate that Pinedale glacier culminations occurred at 22.4 ± 1.4 (Pine Creek glacier), 19.3 ± 0.2 (Clear and Lake Creek glaciers), 17.8 ± 0.6 ka (Clear Creek glacier), and 15.8 ± 0.4 ka (Pine Creek glacier; Fig. 2) .
It is notable that the outermost Pinedale moraines within our neighboring study valleys yield considerably different mean exposure ages. We suggest that these age differences are due to a variety of internal nonclimatic factors unique to each glacier system, as it is diffi cult to envision substantial differences in climatic forcing across such a small area. Although glacier fl uctuations are ultimately driven by climate, the expression of these fl uctuations on landscapes is modulated by other factors, including lag time, valley gradient, and glacier hypsometry. In many cases lower-gradient valleys offer better potential to preserve more moraines because small changes in the equilibrium line altitude (ELA) result in larger changes in glacier extent. Thus, a more comprehensive record of glaciation may be found in low-gradient valleys compared to steeper valleys, where only a single moraine might be preserved. In addition, when glaciers of varying character respond to common climate forcing, they may not necessarily deposit moraines at the same time. Consequently, a direct correspondence of moraine ages from valley to valley is not necessarily expected (Gibbons et al., 1984) . For example, within the Arkansas River valley the average gradients of Pine Creek, Clear Creek, and Lake Creek valleys are 14.4%, 9.4%, and 7.6%, respectively. Moreover, hypsometric and paleo-ELA data ( Fig. DR4) suggest that the Lake Creek paleoglacier, with a large area just above its Pinedale ELA and relatively less area higher in the accumulation zone, would be quite sensitive to small rises in ELA. By contrast, the Pine Creek paleoglacier, with comparatively little area immediately above the paleoELA, might have been less sensitive to initial post-Pinedale ELA rise. This dichotomy may perhaps explain the greater number of Pinedale lateral moraines observed in the Lake Creek drainage, and the persistence of essentially maximum Pinedale ice extent, from ca. 22.5 through 16 ka in the Pine Creek valley. A rigorous test of this hypothesis will require detailed mass balance modeling and is beyond the scope of this paper. In any case, whereas the Pinedale terminal moraine ages differ by as much as ~6 k.y. in the upper Arkansas River basin, indicating an asynchrony of maximum ice stands, 10 Be ages from bedrock slightly upvalley of the moraines suggest that signifi cant deglaciation in all valleys most likely initiated relatively synchronously between 16 and 15 ka.
SUPPORT FOR NONCLIMATIC FORCING OF VARIABLE PINEDALE MORAINE AGES IN THE WESTERN U.S.
We compiled available moraine and deglaciation chronologies from elsewhere in the western United States. Only those studies that include age data for both Pinedale moraine sequences and retreat from Pinedale termini are considered, because these records are the most instructive for understanding the timing of both glacial culminations as well as deglaciation. Prior to comparing these chronologies, all 10 Be ages were recalculated using the same parameters (Tables DR1 and DR2 ) and then plotted against the normalized glacier length of each respective glacier system ( Fig. 3 ; Table DR3 ).
Within the context of available chronologies from across the western United States (U.S.) (Fig. 3) , results from the upper Arkansas River basin are not unique. Rather, the variability in outermost Pinedale moraines ages from ca. 22 ka, to ca. 19.3 ka, to ca. 15.8 ka in adjacent valleys is within the range in ages of terminal moraines throughout the western U.S. (ca. 24-15 ka). However, because we expect little variability in climate forcing across the small area of the Arkansas River basin, the asynchrony observed among moraines in this basin suggests that solely invoking climate-related reasoning to explain moraine age variability should be done with caution. In addition, we suggest that nonclimatic factors may be an important source of age differences of Pinedale terminal moraines within and among western U.S. mountain ranges. Although signifi cant age differences between widely spaced Pinedale terminal moraines may plausibly result from spatially variable climate forcing (e.g., Licciardi et al., 2004; Laabs et al., 2009) , there remains a local topographic infl uence that can contribute to asynchrony of glacial maxima within each individual region or range. In valleys where moraines stabilized at terminal positions relatively early (e.g., Wind River Range, ca. 24 ka; Wallowa Mountains, ca. 22 ka), ice remained at or near its maximum extent until after 17 ka, based on the location and age of recessional moraines. Ages of these recessional moraines are consistent with the ages of terminal Pinedale terminal moraines in other western U.S. mountain ranges where Pinedale terminal moraines stabilized much later (e.g., Yellowstone, ca. 16.5 ka; Uinta Mountains, ca. 16 ka). Glacier fl uctuations are ultimately driven by climate change, but the exact position of a glacier terminus is fi ltered by nonclimatic factors intrinsic to each glacier valley system. These factors include glacier hypsometry and how glacier snouts are funneled or otherwise confi ned by previously deposited moraines. Although we cannot rule out the possibility that the range in Pinedale terminal moraine ages across the western U.S. is largely due to differences in climate forcing, our results in the Arkansas River basin suggest that the individuality of glaciers and their variable response to common climate forcing also can be manifested by moraines of differing age (i.e., Licciardi and Pierce, 2008; Ward et al., 2009 ). on January 24, 2011 geology.gsapubs.org Downloaded from
NEAR-SYNCHRONOUS PINEDALE DEGLACIATION IN THE WESTERN U.S.
Chronologies of the last deglaciation in the western U.S. are still relatively sparse, and in many of the data sets used in our compilation, the timing of deglaciation is constrained only by the ages of the innermost dated range-front moraine and a late-glacial moraine in the headwaters. Nonetheless, our synthesis reveals that in most cases glaciers remained at or near their terminal Pinedale positions until ca. 16 ka, and that deglaciation throughout the western U.S. was largely completed within an ~2 k.y. period between ca. 15 and ca. 13 ka. Our results build on the fi ndings of Licciardi et al. (2004) , who suggested that western U.S. deglaciation beginning ca. 17 ka may have been part of a global deglaciation trend, and a subsequent analysis by Schaefer et al. (2006) , who indicated that the onset of deglaciation from mid-latitude mountain glaciers in both hemispheres was near synchronous ca. 17 ka, driven by warming recorded in Antarctic ice core records. However, we note that in many of the western U.S. chronologies discussed here, glaciers remained at or very close to their Pinedale maximum positions until ca. 16 ka or later (e.g., Applegate, 2005) , and when including available chronologies of deglaciation, the majority of glacier retreat occurred signifi cantly later than ca. 17 ka in the western U.S. Furthermore, we wonder if the near-synchronous retreat was driven by the fi rst major warming in the Northern Hemisphere following the Last Glacial Maximum, the Bølling-Allerød period, recorded in Greenland ice cores (Stuiver and Grootes, 2000) . Although the Bølling-Allerød period initiated ca. 14.7 ka, slightly later than the widespread onset of deglaciation in the western U.S. between 16 and 15 ka, well-dated speleothem records from the Northern Hemisphere register Bølling-Allerød-like warming between ca. 16 and 15 ka (Genty et al., 2006) . Regardless, we hypothesize that near-synchronous deglaciation of western U.S. mountain glaciers was driven by the fi rst signifi cant warming registered in many Northern Hemisphere climate archives that initiated ca. 16-15 ka.
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Upper Arkansas River valley glacial geomorphology
The Upper Arkansas valley in central Colorado encompasses the headwaters for the Arkansas River, which drains the Mosquito Range situated to the east and the Sawatch Range to the west. Bedrock in the region is composed primarily of Precambrian plutonic and metamorphic rocks (granites and gneisses), with exposures of late Cretaceous and Tertiary plutonic rocks (Tweto et al., 1976; Scott et al., 1978) . During the latest Pleistocene glaciation (e.g. Pinedale), Sawatch Range glaciers extended eastward towards the north--south trending upper Arkansas River valley. Notably, glaciers that flowed down Lake Creek, Clear Creek, and Pine Creek valleys extended beyond the range front and onto the Upper Arkansas valley floor, depositing large latero--frontal moraines.
Initial work in the area identified four flood terraces along the Arkansas River south of Pine Creek (Scott, 1975 (Scott, , 1984 . Terraces were tentatively correlated to glacier maxima and subsequent outburst floods occurring during the early Pleistocene (uppermost terrace), middle Pleistocene, and late Pleistocene (two lowermost terraces; Scott, 1984) . The age of the uppermost terrace is constrained by an outcrop of alluvium containing flood boulders, which is correlated to a surface 20 km away containing Bishop Ash (~760 ka; Sarna--Wojcicki et al., 2000) . Tributary alluvial fans sourced from the Mosquito Range, containing Lava Creek B ash (~640 ka; Lanphere et al., 2002) , are correlated with the next highest flood deposit (Scott, 1984) . The two lower terraces lie within Pinedale--age outwash and are strewn with large boulders, almost all of which are composed of granodiorite (Scott, 1975) ; smaller clasts are composed of both granodiorite and metamorphic lithologies. These boulders were likely dislodged from moraines and valley walls during flooding. We only focused on the lowest two terraces of the four (i.e., the late Pleistocene terraces), which we refer to in the text as higher and lower.
Upper Arkansas River valley 10 Be ages
Samples from flood terraces (n = 8), the Clear Creek Pinedale terminal moraine (n =5), and glacial--sculpted bedrock surfaces up--valley from moraines in Pine Creek and Lake Creek valleys (n = 6) were collected with hammer and chisel. Sampled boulders on the Clear Creek moraine were all >1 m in height and sampled terrace boulders were at least 1.5 m tall (Fig. DR1) . At all locations, samples were collected from horizontal to near--horizontal surfaces and we avoided sampling from boulder edges and corners. Geographic coordinates and sample elevation were collected with a handheld GPS unit and a clinometer was used to measure shielding by the surrounding topography.
All samples were processed at the University at Buffalo Cosmogenic Isotope Laboratory. Quartz was isolated from bulk samples following procedures modified from Kohl and Nishiizumi (1992) . Samples were first crushed and sieved to isolate the 425--850 μm size fraction and then pretreated in dilute HCl and HNO3--HF acid baths. Quartz (~16--35 g) was isolated by heavy--liquid mineral separation and additional HNO3--HF heated sonification baths. 9 Be carrier (~250--350 μg; SPEX 1000 μg/g) was added to each sample prior to digestion in concentrated HF. Beryllium was extracted using ion--exchange chromatography, selective precipitation with NH4OH, and final oxidation to BeO.
10 Be/ 9 Be AMS measurements were completed at the Purdue Rare Isotope Measurement (PRIME) Laboratory and Lawrence Livermore National Laboratory Center for Mass Spectrometry (LLNL--CAMS). Samples measured at both PRIME lab (n = 11) and LLNL--CAMS (n = 8), were normalized to 07KNSTD standard reference material (Nishiizumi et al., 2007) . 10 Be/ 9 Be ratios for process blanks (n = 3) averaged 1.80 x 10 --14 ± 1.38 x 10 --14 . AMS precision for blank--corrected 10 Be/ 9 Be sample ratios ranged from 2.0--4.6%.
10 Be exposure ages (Tables DR1 and 2) were calculated using the CRONUS--Earth online exposure age calculator (http://hess.ess.washington.edu/ math; Version 2.2; Balco et al., 2008) . Ages were calculated using the global reference 10 Be production rate (PR) of 4.49 ± 0.39 atoms g --1 yr --1 and the non--time--dependent production scaling scheme of Lal (1991)/ Stone (2000) . All ages are presented in ka with 1σ uncertainty. This updated PR reflects a normalization of 10 Be calibration material to the 07KNSTD standard (Nishiizumi et al., 2007) . We use the global PR and Lal/Stone (St) scaling primarily to be consistent with previously published 10 Be ages from the western US. 10 Be ages calculated with alternative scaling schemes that incorporate time--dependent production rates based on fluctuations in the Earth's magnetic field are presented in Table DR2 . To further ensure consistency with other western US 10 Be chronologies, 10 Be ages are not corrected for the effects of snow cover or erosion. However, we note that samples were collected at windswept locations and rock surfaces displayed little evidence of surface weathering; we consider the effects of both snow cover and erosion to be minimal.
Arkansas River valley paleoglaciers
Ice--surface contours of paleo--glaciers in the Arkansas River valley were reconstructed by digitizing the areal extent of each paleo--glacier from the cirque headwall to the Pinedale terminal moraine on 1:24,000 scale USGS topographic maps. We follow previously established methods (e.g. Porter, 1975; Leonard, 1984; Brugger and Goldstein, 1999) and make general assumptions regarding ice--surface contour shape in the accumulation and ablation areas ( Figure DR3 ). From the paleoglacier surface reconstructions, we calculated hypsometry, plotted as area--altitude distributions, determined by calculating glacier surface area between successive ice--surface contours ( Figure DR4 ). To estimate paleo--equilibrium--line--altitudes (ELA), we use an accumulation--area ratio of 0.65±0.05, which is a commonly used value and has been used nearby in Colorado (Meir and Post, 1962; Andrews and Miller, 1972; Leonard, 1984, Brugger and Goldstein, 1999) . 
Compilation and recalculation of 10 Be ages from Pinedale moraines across the western US
We compiled sample information for 180 surface exposure ages across the western US (Table DR1) ; all but two ( 26 Al) are 10 Be ages. Because PRs and scaling schemes are constantly being updated, all 10 Be ages were recalculated using the global PR and St scaling, before comparing our upper Arkansas River basin chronology to other western US chronologies. Recalculated 10 Be ages match those for recently published western US 10 Be ages that use the global PR and St scaling. In some cases, recalculated 10 Be ages were 2--3% older than originally published values, which is due to a slight reduction of the global PR (i.e. 5.1 to 4.96 atoms g --1 yr --1 ) since publication of the original 10 Be ages. We also provide western US 10 Be ages calculated with different scaling schemes (Table DR2) .
We recognize that newly emerging, regionally--calibrated, 10 Be production rates are considerably lower (6 to 12%) than the global PR (e.g. Balco et al., 2009; Putnam et al., 2010) and that use of a lower PR would increase 10 Be ages. In light of this, 10 Be ages using the Northeast North America production rate (e.g. Balco et al. (Table DR2 ; NE Li) are also reported. We present the Li scaling scheme because nuclide production rates in the Li scaling scheme rely strongly on elevation (e.g. Balco et al., 2008) and may be the most suitable to the relatively high elevations of Pinedale sample localities. 10 Be ages calculated with these parameters change 10 Be ages calculated with the global PR and St scaling by --2 to +9%. Finally , Table DR1 provides all of the necessary input values in which to recalculate western US surface exposure ages on the CRONUS website.
Comparing chronologies of glaciation and deglaciation
Prior to comparing western US chronologies, all 10 Be ages were re--calculated using the same parameters (Tables DR1 and DR2 ) and then plotted against the normalized glacier length of each respective glacier system ( Fig. 3 ; Table DR3 ). Glacier length at each location, including valleys within the Arkansas River drainage basin, was determined by measuring the distance between the cirque headwall and each dated ice margin position (Table DR3 ). In valleys with multiple drainages and cirques, we only measured the distance between the dated ice--margin position and the cirque in which the timing of deglaciation is constrained. Below, we briefly summarize the chronological constraints of Pinedale and equivalent moraines and valley deglaciation used in our compilation.
Three studies from Colorado and Utah meet the aforementioned criteria. Using our criteria, four studies were selected from Wyoming, the Yellowstone region, and northeastern Oregon. In the Wind River Range, WY, Gosse et al. (1995a, b) dated dozens of boulders from a belt of moraines near Fremont Lake, as well as moraine boulders close to the cirque head in the Titcomb Lakes basin. 10 Be ages from the terminal moraine average 23.9±1.1 ka; the innermost recessional moraine near Fremont Lake dates to 17.9±1.4 ka (which lies at 94% of the maximum Pinedale glacier length; below, we list glacier--length fractions associated with each dated location). Farther upvalley, the Titcomb Lakes moraine is dated to 12.7±0.5 ka (12%), and boulders just beyond the moraine average 14.0±1.2 ka (13%); combined, these data from the Wind River Range indicate that the valley glacier retreated from 94 to 13% of its Pinedale maximum length between 17.9 and 14 ka. At the northwestern margin of the Yellowstone Ice Cap, a terminal moraine and inboard end moraine date to 16.5±1.4 ka (100%) and 16.1±1.7 ka (94%), respectively (Licciardi et al., 2001; Licciardi and Pierce, 2008) . Closer to the ice divide in the same sector of the Yellowstone Ice Cap are moraines (Deckard Flats; Junction Butte) dated at 14.2±1.2 ka (48%) and 14.2±0.4 ka (21%; younger mode of a bimodal age distribution), indicating that ice retreated from 94 to 21% of its Pinedale maximum length between 16.1 and 14.2 ka. However, once the local ELA rose above the relatively broad ice cap plateau, ice loss may have occurred quickly (Pierce, 1979) ; this change may be exaggerated in the glacial chronology. In the Teton Range, 10 Be ages from Pinedale end moraines at Jenny Lake are 14.6±0.7 ka (100%) and 13.5±1.1 ka (99%), although it is unclear if these moraines represent the maximum Pinedale extent (Licciardi and Pierce, 2008).
Ages for deglaciation upvalley from Jenny Lake are 14.8±0.2 ka (79%), 13.8±0.3 ka (22%) and 12.8±0.6 ka (13%), indicating rapid deglaciation of the valley between 14.8 and 12.8 ka. In the Wallowa Mountains, northeastern Oregon, 10 Be ages from the Pinedale terminal moraine average 21.8±0.9 ka (Licciardi et al., 2004) . End moraines upvalley from the terminal moraine date to 16.9±0.2 ka (96%) and 17.3±0.9 ka (93%), and the glacier was occupying just the cirque by 11.2±1.3 ka (1%), indicating near--complete deglaciation between 17 and 11.2 ka.
Outside of the Rocky Mountains, additional studies in the Washington Cascades and the Sierra Nevada meet our criteria. In Icicle Creek, the terminal moraine and adjacent end moraine are 19.1±3.0 ka (100%) and 16.1±1.1 ka (97%), respectively (Porter and Swanson, 2008) . Farther up--valley, end moraines date to 13.3±0.8 ka (36%) and 12.5±0.5 ka (33%), indicating that the majority of the Icicle Creek valley was deglaciated between 16.1 and 13.3 ka. In the eastern Sierra Nevada, the Tioga glaciation (Pinedale equivalent) is mapped as a four--fold moraine sequence spanning from 27 to 15 ka (Clark and Gillespie, 1997; Phillips et al., 2009) . Most relevant here is that during the youngest (Tioga--4) phase, glaciers remained at 65--80% of their Tioga maximum length until 14.9±1.9 ka [average of Tioga--4 36 Cl ages reported by Phillips et al., (1996, 2009) ]. Subsequent deglaciation is based on the age of the Recess Peak cirque glacier advance, when glaciers were 5--15% of their Tioga maximum extents just prior to 13 ka (Clark and Gillespie, 1997), and 36 Cl ages from between Recess Peak and Tioga 4 moraines, which average 13.8±1.0 ka (Phillips et al., 2009 ). Thus, the upper 65--80% of eastern Sierra Nevada valleys rapidly deglaciated between 14.9 and 13 ka.
The graphic compilation (Figure 3, main text)
We make several assumptions in order to plot the ages in Figure 3 (main text). (1) We exclude one old outlier (Molas Lake sample) from the Animas River dataset, consistent with original interpretation by Guido et al. (2007) . (2) From Middle Boulder Creek, only ages from the main valley are used. Although four 10 Be ages from a tributary valley suggest that it may have completely deglaciated 16.0±0.3 ka (Ward et al., 2009) , at least one of the four 10 Be ages from the tributary is interpreted to have inheritance. In addition, because there are only a few ages from the tributary, we only plot the transect of ages from the main valley on Figure 3 . Furthermore, we average the 6 bedrock ages from the northern tributary cirque and plot as one position (Ward et al., 2009) . (3) In the northwest Yellowstone area, the innermost moraine dated (Junction Butte) has two modes, the older of which is older than the Deckard Flats moraine 30 km down ice--flowline (Licciardi and Pierce, 2008). Thus, we plotted the younger mode of the Junction Butte moraine on Figure 3 . (4) The Pinedale terminal moraine in the northwest Yellowstone region was also dated with 3 He, which yields an average age of 16.6±1.3 ka ( 10 Be age = 16.5±1.4 ka); we only show the average 10 Be age in A few other considerations about our data compilation warrant mention. First, there are many additional Pinedale terminal and other end moraines that have been dated in the Rocky Mountains. However, because our goal is to have moraine ages be within the context of information on deglaciation, we did not include them here. Additional Pinedale moraine chronologies from the Rocky Mountains are available from Colorado (Benson et al., 2004 (Benson et al., , 2005 Brugger, 2007) , Wyoming (Phillips et al., 1997) (Marchetti et al., 2005) . 3 He ages on four moraines 3 km upvalley and near the plateau accumulation zone either overlap Pinedale terminal moraine ages (2 moraines), or date to 16.8 and 15.2 ka (2 moraines). However, the timeline of deglaciation after 16 ka is not known and thus not included in Figure 3 (main text). Fabel et al. (2004) provide additional bedrock ages from the Wind River Range and Sierra Nevada. Our synthesis includes predominantly cosmogenic exposure ages, but we emphasize that although cosmogenic exposure ages provide the bulk of age control on moraines in the Rocky Mountains, these studies necessarily rely on a foundation of decades of mapping and relative dating studies that have taken place across the western US.
Second, there are different approaches regarding how best to interpret a series of individual moraine boulder ages. Mainly, one can either calculate the mean age of all moraine boulder ages, or more weight can be placed on the oldest ages of the distribution. Because moraines degrade, which potentially skews ages in the young direction, and because of the general scarcity of isotopic inheritance (Putkonen and Swanson, 2003) , some authors favor the oldest age in a distribution. However, since the majority of the moraines considered here are relatively young (e.g., Pinedale), and generally have age distributions that are normally distributed about their mean, we plot mean ages. Additionally, for this reason, we plot on Figure 3 (main text) the onset of deglaciation (~17.3 ka) that Schaefer et al. (2006) base on average ages, rather than the oldest age (~19.1 ka).
Finally, the onset of deglaciation proposed by Schaefer et al. (2006, 17 .3 ka) is based on a synthesis of primarily 10 Be data, along with additional radiocarbon data from northern and southern hemisphere LGM moraine datasets. Therefore the onset of deglaciation age assignment would change if 10 Be ages were recalculated using different production rates and scaling schemes. The production rate used in Schaefer et al. (2006) is 2.7% percent higher than the production rate we use for western US chronologies (i.e. 5.1 vs 4.96 atoms g --1 yr --1 ). However, applying the lower production rate to the dataset of Schaefer et al. (2006) would not necessarily result in all 10 Be ages becoming 2.7% older. For example, using the St scaling scheme, recalculated 10 Be ages from the Wallowa Mountains dataset, which is included in both the Schaefer et al. (2006) and our synthesis, result in ages that are within 2% of those reported in Schaefer et al. (2006) . Thus, we consider any potential change to the onset of deglaciation age reported by Schaefer et al. (2006) to be minimal and use the original age of 17.3 ka in our discussion and figure 3 (main text). Be concentrations provided by the original authors. Before calculating 10 Be ages, the original authors applied a 14% correction to 10 Be/ 9 Be ratios. See source referenes for details. References: 1-This study; 2-Schlingden, 2000; 3-Briner, 2009; 4-Guido et al., 2007; 5-Ward et al., 2009; 6-Benson et al., 2005; 7-Licciardi and Pierce, 2008; 8-Licciardi et al., 2001; 9-Licciardi et al., 2004; 10-Gosse et al., 1995a; 11-Gosse et al., 1995b; 12-Refsnider et al., 2008; 13-Laabs et al., 2009 
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